SUMMARY The sequence of changes in the activity of six disaccharidases in the small intestine of gerbils during primary and secondary G lamblia infections was examined. The primary G lamblia infection induced a transient reduction in disaccharidase activity which was related to the highest trophozoite burden in the small intestine. During the primary exposure, a 30% to 85% decrease in the activity of enzymes was observed on days 10 and 20 after infection. Secondary exposure of gerbils to G lamblia caused a sharp decrease in disaccharidase activity as early as 24 h after challenge. The reduction in the enzyme activity was not influenced by the size of the challenge inoculum and occurred even when there were no live trophozoites in the small intestine. Disaccharidase deficiency could also be induced by challenge with the soluble extract of the trophozoites. Multiple challenge administrations of G lamblia trophozoites to gerbils induced a persistent disaccharidase deficiency. The results indicate that disaccharidase deficiency associated with the primary G lamblia infection probably represents a direct effect of the parasite on the brush border of the small intestine. On the other hand, the observed disaccharidase deficiency in the secondary G lamblia infection appears to be induced by the local immune responses of the host.
Various abnormalities of small bowel pathology have been identified consistently in human giardiasis and these include disaccharidase deficiencies,' 2 increased intraepithelial lymphocyte counts'4 and, in patients with malabsorption crypt hyperplasia with short villi and increased lamina propria cellularity.) Low serum calcium and folate concentrations were consistent features in elderly people having giardiasis and aroused suspicion of underlying malabsorption." A decrease in the disaccharidase activity has been observed in vitro. Mouse mucosal cells incubated with G lamblia trophozoites showed a reduction in the activities of lactase, sucrase, and maltase.7
We have recently described an animal model for giardiasis using gerbils and G lamblia isolated from humans.' In this study, we examined the progression of changes in the activity of six disaccharidases in the small intestine ofgerbils during primary and challenge infections with G lamblia.
Methods

PARASITES
Trophozoites of G lamblia, WB isolate, originally obtained from a symptomatic patient9 (American type culture collection no 30957) were used for experimental infections. Trophozoites were grown axenically in filter sterilised Diamond's TYI-S-33 medium using the procedures described previously.' ANIMALS Six to 10 The method of Roberts-Thomson et al'4 for the determination of villus to crypt ratio in murine giardiasis was used except for the following modification. Small intestine was removed, opened longitudinally, fixed in 10% formalin, and processed in paraffin for light microscopy. All histologic specimens (haematoxylin-eosin 8 lum) were examined at 400x and measurements made with an ocular micrometer. The height of the villi and crypts was determined on 10 representative specimens of infected and uninfected gerbils.
MEASUREMENT OF INTESTINAL DISACCHARIDASES
Preparation of intestinal homogenate Gerbils were killed by cervical dislocation and the small intestine was removed and divided into four equal sections. The segments were placed in ice cold distilled water and flushed with 50 ml distilled water using a syringe fitted with a cannula. The intestinal segments were then placed on top of an ice cold ground glass slab and were slit longitudinally. The mucosa was scraped from the intestine with a glass microscope slide, weighed (wet weight), and placed in 4 volumes of ice cold distilled water. The mucosal scrapings were homogenised using glass/Teflon homogeniser (10 strokes, using a Con Torque power unit at maximum speed; Eberbach Corp, Ann Arbor, Mi). The homogenates were then centrifuged at 400 g for five minutes in order to remove larger cell debris. Cell debris obtained during the preparation of homogenates from uninfected, infected and challenged gerbils was assayed and found to have marginal disaccharidase activity which was not significantly different between the experimental groups. After centrifugation, the homogenates were stored in liquid nitrogen in 0-2 ml aliquots until used in the assays. Assay for intestinal disaccharidases Disaccharidase activity of mucosal scrapings was assessed using modified glucose oxidase peroxidase enzyme system.`' The assay was done in 96-well Linbro microtitre plates (Flow Laboratories, Toronto, Ont). The assay consisted of adding to each well 0-01 ml appropriately diluted mucosal sample and 0.01 ml substrate buffer solution of a disaccharidase to be measured in triplicate. The plates were incubated at 37°C in humidified atmosphere for 60 min. After incubation, 0.3 ml of tris-glucose oxidase (TGO) reagent was added to each well and the plates were incubated for an additional 60 min. The plates were read at 414 nm using a microplate reader (Titertec Multiscan, Flow). For each assay, eight reagent blanks (0-02 ml distilled water and 0-3 ml TGO reagent) and two glucose standard series (2, 6 and 10 ,ug glucose) were also done. Throughout this paper, disaccharidase activity will be expressed as units/g of the mucosal sample.
Reagents
STATISTICAL ANALIYSIS
Data were analysed by Student's t test and one-way analysis of variance (ANOVA), using BIOM statistical programs for the IBM personal computer. The probability level of p<0.O5 was considered significant.
Results
COURSE OF INFECI ION
Trophozoite colonisation of the small intestine of gerbils inoculatd orally and by duodenal injection were compared. The number of trophozoites that colonised the small intestine during the infection was similar in orally and duodenally inoculated gerbils. Highest trophozoite loads in the gut were observed on days 10 and 15 after infection in both groups. On day 15 after infection, the mean number of trophozoites in orally inoculated gerbils was 4-8 (1.9)x 106/ gerbil and that of duodenally inoculated gerbils was 6-6 (1.5)x 106/gerbil. The number of trophozoites in the small intestine sharply decreased after day 20 of infection in both orally and duodenally inoculated animals.
Mean body weight of gerbils in experimental and control groups at the beginning of the experiments was 42 (3) g and 41 (2) (Fig. 1) . A significant decrease in the villus to crypt ratio occurred at day 10 to 20 after infection (p <0-05, oneway analysis of variance). At 25 to 35 days, however, the villus to crypt ratio returned to normal, a period which corresponds to the elimination of the trophozoites from the duodenum.
MEASUREMENT OF INTESTINAI, DISACCHARIDASES
Disaccharidase activity during the primary infection A 30% to 85% decrease in the activity of all disaccharidases, except cellobiase, was observed during the acute phase of the infection (Fig. 2) . The decrease in the activity of the enzymes was related to the period of highest trophozoite burden in the small intestine. Significantly lower activities of maltase, isomaltase and sucrase were detected on days 10 and 20 of the primary infection. The activity of these disaccharidases returned to normal levels during the elimination phase of the infection (days 30 and 40).
The decrease in trehalase activity occurred later (day 20 after infection), and persisted longer (up to day 30 after infection), when compared with that of maltase, isomaltase and sucrase.
The decrease in disaccharidase activity was observed in all sections of the small intestine (data not shown). Isomaltase activity in the small intestine of gerbils was consistently higher than either maltase or sucrase activity, which is the opposite to that observed in man. The difference in the enzyme activity profiles may be due to the animal species used. Thus, G lamblia infection induced transient reduction in maltase, isomaltase, sucrase and trehalase evident during the highest parsite density in the small intestine. With a low number of trophozoites present in the intestine (before day 10) or with a decrease in the number of organisms on days 30 and 40,the activities of these disaccharidases returned to normal levels. On the other hand, lactase activity was significantly reduced during the acute and elimination phases of the infection and was not related to the trophozoite burden in the small intestine (Fig. 2) .
Disaccharidase activity at various times after a challenge infection Challenge inoculation of gerbils with G lamblia trophozoites resulted in a sharp decrease in disaccharidase activity in the small intestine (Fig. 3) . This reduction in enzyme activity occurred in the absence of trophozoites as the organisms were not observed in sucrase, trehalase and lactase activity was observed on day 4 after the challenge when compared with agematched animals which did not receive a challenge infection.
Disaccharidase activity in the small intestine ofgerbils given different challenge doses The size of the challenge inoculum did not significantly affect the degree of disaccharidase deficiency (data not shown). Enzyme activity after challenge with different numbers of trophozoites was similar between gerbils given low doses (5x 14, 1 x 10') and those given high doses (8x 10', 1-6x 10P). It should be noted, however, that except for cellobiase and lactase, the activity of the remainder of disaccharidases in challenged animals was significantly lower when compared with that in gerbils on day 40 after the primary infection. '8 who showed that maltase, sucrase and lactase levels in the duodenum of mice infected with G muris were reduced significantly during the second week after infection. These authors also reported that lactase activity in the duodenum returned to normal levels by week 10 after infection. This was not observed in our study, as lactase levels remained low during both the acute and elimination phases of the infection. The discrepancy in the findings may be due to different species of the parasite and different host used. This is the first study that has examined disaccharidase activity after a secondary exposure to Giardia. Challenge inoculation of gerbils with G lamblia trophozoites resulted in a sharp and immediate decrease in the activity of the enzymes in both anterior and posterior small intestine. Lower activities of sucrase and trehalase were observed until day 8 and lactase until day 16 after challenge. This reduction in the enzyme activity was not dependent on the size of the challenge inoculum and it occurred in the absence of trophozoites, as the organisms were not observed in the small intestine of any of the challenged gerbils. Moreover 
